oo CHAPTER |V
A STUDY OF AIR POLLUTI ON-1 NDUCED CHRONI C | LLNESS

| NTRCDUCTI ON

At the time of the national awakening about environmental issues that
occurred in the late 1960's, a great deal of public and scientific attention
was focused on statistical relationships between air pollution and human
health. Wile this research was undertaken with a |arge neasure of acadenic
curiosity, a major inpetus was provided by Federal governnent agencies, such
as the United States Environmental Protection Agency and its predecessors.
The notivating factor for this agency encouragement was a |audable desire to
establish scientific evidence for regul ations designed to mtigate any detri-
mental health consequences of air pollution. For a time in the md-1970"s,
the subject, though continuing to be discussed in scientific councils, did not
capture nuch public attention, perhaps because of substantial reductions in
the ambient concentrations of several common air pollutants. However, with
the imediate threat that switching fromoil and natural gas to coal fuels
poses to the progress of a decade in controlling air pollution, the afore-
mentioned statistical relationships are again a subject of public as well as
scientific scrutiny.

In this paper, we assess the extent to which exiting epidemiological
research can be interpreted as statistically denonstrating a relationship
between air pollution and human health status. W also present sone addi-
tional statistical research of our own. The next section is a critical review
of the methodol ogi cal underpinnings of existing research in air pollution
epidemology. So as not to exenpt our previous work fromthis critica
review, we devote a third section to self-appraisal. A fourth section
presents some new enpirical results nmeant to respond to several of the faults
we confessed in the third section. The two concluding sections summarize what
we think we have thus far |earned and make some suggestions for future re-
search.

A CRITICAL REVI EW OF OTHERS WORK

Mich of the recent work in air pollution epidemology has focused upon
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estimtion of some version of the follow ng expression

Hi = a + bPi + cXi + ui" €))
where His a measure of norbidity or nortality, P is a nmeasure of pollution, X
is a set of other variables thought to influence health status, u is an error
termthat captures the.-effects of unmeasured influences upon health status, i

i ndexes the individuals or groups of individuals in a sanple, and a, b, and c
are paranmeters to be estimated. Epidemiological work of this sort, a large
part of which has been done be economi sts, presunes that there exists a
distribution across individuals of tolerances to air pollutants and that there
exi st sone individuals for whom any air pollution exposures whatsoever wl|
trigger a decline in health status. This perspective nay be contrasted with
anot her, common to nmany epidemiological studies originating in the bionedica
disciplines and sanctified in existing Federal clean air |egislation, which
posits a positive level of air pollution below which no individual wll suffer
a decline in health status .

Two recent enpirical applications of the latter perspective are Mrris,
et al. (1976) and Bauhuys, et al. (1978). Inspired by the principles of
experinmental design, the researchers in each of these studies selected two
comunities simlar in nost respects other than air pollution. Using analysis
of variance techniques, statistically significant differences in health status
between the popul ations of the comunities were then sought. Wether or not
these differences were found, toxicological evidence from |aboratory studies
was then cited to provide a basis for rejecting or failing to reject air
pol lution as a cause of the difference. Mny of the cited laboratory studies
are, in principal, structured in the same fashion as the epidemiological
studies; that is, the experimenter takes a treatment group and a control group
of simlar individual organisnms and increases the pollution exposures of the
treatment group until a decline in health status is observed. The pollution
| evel at which this decline is first observed is then gaid to be the
threshol d at which pollution is universally unhealthy. = Practitioners of
this perspective generally agree that nost substances comonly terned air
pol lutants can have del eterious human health effects. The controversies anmong
them erupt over the threshold pollution |evels at which these effects energe
and whether these threshold levels are found in everyday human environnents.
Because the methods provide no information on the nmagnitudes of any effects
that do exist, the controversies are linmted to questions on the statistica
determination of the existence of an effect.

Unless all factors that contribute to differences in health status across
i ndividuals and |ocations can be controlled, the weaknesses inherent in
enpirical applications of the above perspective are apparent. In particular
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statistically significant differences between the health states of two groups
of individuals may not be observable because the contributions of air
pollution to the true differences are overwhel ned by uncontrolled factors.
Any perceived threshold is then nore a matter of experinental design rather
than of effect: perception of "where the threshold lies will differ with the
extent to which the investigator is initially able to make his sanples ident-
ical in all but their-air pollution exposures. Moreover, even if the sanples
are identical, the outside observer gets the strong inpression that there

exi sts great confusion about the criteria for experinmental design, the
physi ol ogi cal and metabolic responses that constitute excess health inpacts,
the validity of extrapolating from animals to humans, and the processes that
generate any defined health inpact ~

As is well known, the multivariate regression procedures usually used by
economi sts investigating the health effects of air pollution allow explicit
discrimnation between the effects of air pollution, the effects of other
observed control factors, and the effects of unobserved, presumably random
factors. Although the estimated health effects of pollution will be biased if
sone of the assunmed random factors vary systematically with pollution, the
continuous covariation between health states and pollution that the procedures
pernmt does not force one to adopt the anbi guous nozion of a human health

effects threshold before research is even initiated . Neither is the inves-
tigator put in the unconfortable position of having to assign the residua
(“excess” deaths or illnesses) to something particular such as air pollution

The first attenpt to investigate the health effects of air pollution at a
national level wthout the resunption of a threshold was the pathbreaking
effort of Lave and Seskin (1970). Using 114 U.S. netropolitan areas as units
of analysis, they enployed single equation, ordinary-I|east-squares methods to
regress 1960 nortality rates linearly upon anbient concentrations of sulfates
and particulate, and other plausible influences upon nortality. They
tentatively concluded that statistically significant health effects of air
pol lution existed. This original study has inspired a substantial nunber of
simlar subseguent studies, including the culmnating effort of Lave and
Seskin (1977) =  Wthout exception, all have discerned a close and substantial
inverse association between nortality rates and one or nore air pollutants.
Recently however, two studies have become available that should give
consi derabl e pause to those wishing to accept the Lave-Seskin, et al.
findings.

Smth (1977), using data for 50 U.S. netropolitan areas in 1968-1969,
applied versions of the Ransey (1969) tests for specification error in the
general linear nodel to 36 different single equation specifications. These
specifications were simlar, and often identical, to those greeted with the
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most approval by the authors of the Lave-Seskin, et al. literature. None of
the specifications could pass all of the Ramsey (1969) tests at the 10 percent
| evel , although four passed all tests except that for non-normal errors.

The Ransey (1969) tests are neant to be used to assess confornmity with
the basic assunmptions for error structure of the classical linear nodel. They
give no hint about events when attenpts are made to correct for one or nore of
the specifications errors. In a recent paper, Crocker-Schulze, et al. (1979,
pp. 24-71) use 1970 nortality data from60 cities while trying to correct for
potential omtted independent variable and simultaneous equation problens.

Upon addi ng neasures of nedical care, cigarette consunption, and diet to the
single equation Lave-Seskin, et al. specifications, they found no
statistically significant effect of nitrogen dioxide, total suspended

particul ate, and sulfur dioxide upon the rate of total nortality .  Retaining
the forner variables, and accounting for the plausible sinmultaneity between
heal th status and nedical care, did nothing to inprove the statistical sign-
ificance of the three air pollution variables. On the presunption that these
findings were sufficient to denonstrate the weakness of the Lave-Seskin type
results, the authors did not go on to account for the obvious simultaneity
between medi an age (or percentage over 65 years) and nortality incidence,
inconme and nortality incidence, and several other plausible sources of
sinultaneity.

The results obtained by Smith (1977) and Crocker-Schulze, et al. (1979)
cast doubt upon the robustness of the Lave-Seskin, et al. estimates, in spite
of the no-threshol d perspective enbodied in these estimates. Nevertheless,
before dismissing the hypothesis of an inverse relation between everyday air
pollution levels and health states, it must be recognized that Lave~ Seskin,
et al, may have been asking nore of their data than it was capable of giving .
Less than one in every 100 people dies in the U S each year. No bionedica
authority asserts that air pollution is the dom nant cause of the deaths that
do occur. Many take the view that it is the direct cause of no nore than a
smal | fraction of these deaths, although they would agree that it may be quite
inportant in intensifying predispositions toward nortality. However, the
general properties of the underlying processes that encourage this
predi sposition are ill-understood. Thus, even with quite |arge sanples,
avai | abl e estimation techniques and a priori_ know edge may be inadequate for
distinguishing the nortality effects of air pollution in a human popul ation
sample froma host of simlar and plausible mnor contributing factors.

The possible inadequacy of many avail able techniques for estimating the
exi stence and/or magnitude of air pollutant-induced nortality applies wth

special force, given the data Lave-Seskin and their successors had to enploy.
Their work can be interpreted as an attenpt at establishing the probability of
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a representative individual currently residing in a representative region
dying in a given year from a geographically representative level of air pol-
lution occurring in a representative year. Since they had no information
about the distribution of influential health factors, including air pollution,
across the urban areas constituting their units of analysis, the %ﬁentifying
variabilities of their sanples were perhaps drastically reduced. — Wen this
relatively |ow variability of the sanples is coupled with what are probably
substantial neasurenment errors in the air pollution variables, the baggage of
additional explanatory variables and more sophisticated estimation techniques
to correct for specification error that the data are able to carry nust be
rather light. The attenpted corrections may serve only to msinform
Furthermore, that which is being corrected may be only an apparition since, as
Crocker (1975, pp. 350-351) denonstrates, the neasure of (the probability of)
death, enploying some group of individuals as the fundanental unit of
observation, can differ fromone group to another; there could be as many

uni que neasures enployed as there are groups.

The preceding remarks |ead us to three conclusions. First, given the
bi omedi cal and econoni ¢ subleties i nherent in conprehending the etiol ogies of
air pollution-induced nortality and norbidity, the estimates obtained from
aggregated data used in the great bulk of extant studies are unlikely ever to
be sufficiently conpelling to establish a consensus. Only the use of actua
i ndi vidual s as fundanental units of observation is likely to provide enough
strength in the data base to carry the requisite statistical burdens. Second,
the statistical burdens that have to be carried mght be considerably
lightened if research concentrates on norbidity rather than nortality. The
frequency, and nost likely the identifying variability, of the former is
greater by a factor of fifteen or twenty. Finally, because one’s health
status is influenced by the choices one makes about |ifestyles, environnenta
and occupational exposures to possible toxics, and other health-influencing
factors, economics can provide a priori hypotheses and an anal ytical franmework
to lend additional structure to epidemiological investigations. The
rel ationships with which observed real world outcomes are consistent can,
therefore, be further narrowed.

A CRITICAL REVIEW OF OUR WORK

Crocker-Schulze, et al., (1979) enbodies both nortality and norbidity
studies. The nortality study had the essentially negative purpose of enpiri-
cally denonstrating that the estimates derived in Lave-Seskin type studies are
not at all robust. The morbidity study had the nmore positive purpose of
investigating air pollution and human health status with a data set better
able to bear added statistical burdens and to accept hypothesis testing about
the inpact of man’s free will upon health status. In this section, we briefly
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discuss several entirely correct ways in which the morbidity study is suscep-
tible to injury. Strangely, although the study has been carefully pursued by
many interested parties, few have hit it where their thrusts could not even
begin to be countered without additional work on our part. Here, we present
sone of those thrusts.

Dependi ng almost entirely upon ordinary-|east-squares (0LS), the
morbidity study estimated the effect of air pollution upon self-reported
health status neasured as length of time chronically ill and annual frequency
of acute illnesses. Expressions linear in the original variables were
estimated for several 400 person sanples independently drawn from al
househol d heads in the Panel Survey of Incone Dynamics (PSID) [Survey Research
Center (1972)] who had always lived in one state. Although sone attention was
devoted to NO_, air pollution was generally measured as the annual 24-hour
geonetric mean of SO, and/or TSP in the head's county of residence for the

year (196775) frOWIW%lch the sanple was drawn. In addition to air pollution
measures of the intensity of the head s illness, his biological and socia

endowrents, |ife-style, and work, home, and outdoor environments were, when
available, included as explanatory variables. Air pollution contributed
positively and significantly to both chronic and acute illnesses in the
mpjority of the unpartitioned sanples. Upon conbining these dose-response
estimates with a sinple recursive labor supply fornulation, the economc

i npact of air pollution-induced chronic illness upon |abor productivity was
estimated to exceed that of air pollution-induced acute illness by nearly a
factor of 20,

These results encouraged us to proceed further, particularly with respect
to investigating air pollution-induced chronic illness. The obvious initia
further step was to correct some of the outstanding technical problenms @? our
treatnent of the dose-response functions estimated from the PSID data. =
These problems fall into three general categories: (1) the definition of self
reported health status; (2) the factors used to explain self-reported health
status; and (3) the algorithmused to estimate self-reported health status.

The PSID data on the chronic illness health status of househol d heads
consists only of responses to four questions stated in the follow ng order:

1. Do you have a physical or nervous condition that limts the type
of work you can do or the anmount of work that you can do?

2. How nuch does it limt your work?

3. How long have you been limted in this way by your health?
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4. Is it getting better, worse, or staying about the same?

In the case of the first question, persons were asked for a yes or no answer,
while for the remaining three questions the response called for was categor-
ical. The response to question #3 was used as the dependent variable in our
earlier analysis. However, the responses to this question were recorded
categorically with ‘the uppernost category being bounded only by age

Moreover, this response was conditional upon the response to question #1 and
possi bly question #2. For these reasons, interpretation of the earlier
chronic illness dose-response estimates required a string of assunptions that
may or may not have been inportant to stated results. In any case, in order
to assess the validity of the earlier results, it is preferable to remove any
clouding that the assunptions may have introduced. The response to question
#1 is unambi guous.

Even though the response to question #1 is unanbiguous in terms of self
reported health status, it need not represent the respondent’s clinical health
status. Mre specifically, individuals may not be alike in the way they
determi ne whether or not they are chronically ill. Econonmic factors including
type of job, access to disability benefits, and other neasures of the
opportunity costs of not working may be inportant to this determ nation. For
exanpl e, consider two persons who are alike in every respect other than their
hourly wage. The person with the [ower of the two wage rates will have a
| ower opportunity cost of not working. He may be perfectly healthy but desire
to work fewer hours and use illness as an excuse, or he may actually be sick
more often than his higher incone counterpart because he does not find it
economi cal |y advantageous to be as heal thy.

The preceding suggests that our earlier estimated chronic illness dose-
response expressions mght be biased because econonmic determ nants of self
reported health status were omitted. In addition to these econom c deter-
mnants, other, nore traditional life-style, biological endowrent, nedica
care, and environnental determ nants were omtted or inperfectly neasured. For
example, the earlier estimates included no information on job accident rates,
and used cigarette expenditures as an index of cigarette consunption. These
variabl e exclusions and inperfectly measured explanatory variables can bias
the estimated contribution of air pollution to self-reported health status.

Finally, given the chronic illness health status variable enployed in our
earlier work, the use of an OLS estimation procedure could have been
i nappropriate for two reasons. First, self-reported health status mght have
been determined jointly with some explanatory variables (e.g., leisure
exercise, cigarette snoking, and nedical care) that were also choice
variables. OLS estimates of the chronic illness dose-response expression woul d
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then be biased and inconsistent. Second, the health status variable was
recorded in a categorical rather than in a continuous fashion. This neans
that hetero-skedasticity could be present in the O.S-estimated chronic illness
dose-response expressions with a consequent introduction of biases in the
standard errors of the air pollution coefficients. As MKelvey and Zavoina
(1975) show, the use of OLS procedures with categorical dependent variables
can cause the relative impacts of certain variables to be severly
under est i mat ed

SOME NEW BUT LIM TED RESULTS

In this section, we present some new results which, insofar as available
data allow, correct partially or wholly for the technical problenms raised in
the previous section. The outstanding failing of these new results is that we
do not construct an explicit analytical nodel to account for the economc
determ nants of self-reported health status. Instead, we do no nore than
introduce explanatory variables such as famly assets and union menbership
that woul d plausibly have a role to play in expressions derived from any
anal ytical nodel dealing with the effect of the opportunity costs of not
wor ki ng upon perceived own health status.

Table 1 lists the variables we enploy. Al cohol expenditures, nunbers of
daily cigarettes smoked, free access to nedical care, physician popul ation,
carcinogenic potential in the workplace, precipitation, workplace job accident
rate, current transfer incone, and union menbership all represent variables
that did not appear in our previous chronic illness dose-response expressions.
Separate structural expressions are estimated for nunbers of daily cigarettes
snoked, whether or not the individual has nedical insurance, and whether or
not he participates in strenuous |eisure exercise on the presunption that they
are jointly determned with health status. To account for plausible
nonlinearities Wi th respect to the inpact of age and food expenditures on
health status, squared, as well as original, values are entered for these
vari abl es.

In view of the categorical nature and the sinultaneity of the dependent
variable, the estimtion technique selected was the two-stage limted depen-
dent variabl es (2sLDpv) approach suggested by Nelson and O son (1978). Mre
specifically, the estimation procedure these authors propose is to:

(i) Estimate the reduced form of the structural systenby
appl ying an appropriate nmaxi mum |ikelihood technique to
each.

(ii) Forminstrunments from the “predicted” values of the
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TABLE 4.1

COMPLETE VARIABLE DEFINITIONS
Self-Reported Health Status Variables

DSAB - Limitation on work = 1; otherwise = 0

LDSA - Disabled for < 2 years = 1; 2-4 years = 2; 5-7 years = 3;
2 8 years = 4; otherwise = O.

Biological and Social Endowment Variables

AGE - Age in years.

EDUC - Completed 6-8 grades = 2; 9-11 = 3; 12 grades = 4; 12grades
plus non-acedemic training = 5; college, no degree=6;
college degree = 7; advanced or professional degree = 8;
otherwise = 1.

FMSZ - Family size in number of persons in housing unit.

POOR - Stated that parents were poor “.. ..when you were growingup..."

=1; otherwise = O.
SEX - Male = 1; Female = O.
Lifestyle Variables

ALKY - Annual alcohol expenditures X 10°per adult family member.

CIGN - Number of daily cigarette packs smoked per adult family member.
This variable was calculated by dividing the PSID data on 13970
cigarette expenditures by the 1970 retail price of a pack of
cigarettes in the 1970 state of residence. Retail price data
was taken from Tobacco Tax Council, Inc. (1978, pp. 67-69).

FOOD - Family food consumption relative to food needs standard in
percent. Consumption refers to food expenditures in dollars
and includes amounts spent in the home, school, work, and
restaurants, as well as the amount saved in dollars by eating
at work or school, raising, canning, or freezing food, using
food stamps, and receiving free food. The food needs standard
is in dollars and is based on USDA Low Cost Plan estimates of
weekly Ffood costs as publ ished in the March 1967 issue of the
Family Economics Review. The standard itself-is calculated by
multiplying the aforementioned weekly food needs by 52 and
making a series of adjustments according to family size.

LEXR - Indication that dominant leisure-time activities involves
strenuous exercise = 1; otherwise = 0. Strenuous activities
were said to include fishing, bowling, tennis, camping,
travel , hunting, dancing, motorcycling, etc.

Health Care Variables

HVET - Free access to medical care as a veteran or through medicaid
= 1; otherwise = O.

INSR - Has hospital or medical insurance = 1; otherwise = 0.
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PHYS - Physicians per 10,000 population in county of residence on
July 1, 1975. This data was obtained from U.S. Bureau of the
Census (1978, Table 2).

Environmental Variables

CANX - An index.of workplace *“carcinogenic potential” by two-digit SIC
code as presented in Hickey and Kearney (1977) and determined

by dividing their Table 8 by their Table 7. We are aware that these
authors insist that “... the magnitude of the derived carcino-

genic potential is not suitable for any health hazard inference”

(p- 1in).

Mean annual January temperature in the 1970 county of residence

in F* X 10. This data is from U.S. Bureau of the Census (.1978,
Table 4).

COLD

PRCP

Mean annual precipitation in inches X 10° in the 1970 county
of residence. This data is from U.S. Bureau of the Census
(1978, Table 4).

Number of disabling work injuries in 1970 by 2 and 3-digit SIC
code for each million employee hours worked. The data is
from Table 163 of Bureau of Labor Statistics (1972).

JACCR

SULM Annual 24-hour geometric mean sulfur dioxide micrograms per
cubic meter as measured by the Gas Bubbler Pararosaniline-
Sulfuric Acid Method. The data were obtained from the annual
USEPA publication, Air Quality Data - Annual Statistics, and

refer to a monitoring station in the 1970 county of residence.

TSPM

Annual 24-hour geometric mean total suspended particulate in
micrograms per cubic meter as measured by the Hi-Vol Gravimetric
Method. The data were obtained from the annual USEPA publication,
Air Quality Data - Annual Statistics, and refer to a monitoring
station in the 1970 county of residence.

Pecuniary Variables

, , 2 , ,
ASSETS - Sum of 1970 income in dollars X 10~ from social security,
retirement pay, pensions, annuities, dividends, iInterest, and
rent.

UNION - Member of a labor union = 1; otherwise = O.
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dependent variables using the observations from the sanple
on the exogenous variables together with the estimted
reduced from coefficients obtained in the first step.

(iii) Replace the jointly dependent variables on the righthand
side of the equations in the structural systemwth their
instruments constructed in the second step.

(iv) Estimate the resulting relations by an appropriate maxinmm
l'i kel i hood nethod

As can be easily seen, this estimation procedure applied to a system of
sinul taneous equations is just two-stage |east squares in the case where al
jointly dependent variables are continuous over the entire real line. How
ever, the approach of Nelson and O son (1978) takes account of the fact that
sone dependent variables, particularly the DSAB variable of interest here, do
not exhibit this type of behavior. They therefore suggest that an appropriate
limted dependent variable technique be used in the estimation of both the
reduced formand the structural formof the nmodel. In this case, since DSAB
is defined to take on only the values of zero or one, the probit nodel would
appear to be the nmost appropriate of the alternative limted dependent
variabl e met hods.

The procedures outlined above were applied to a sanple of 309 individua
househol d heads drawn from the 1970 cal endar year of the PSID sanple. Al
i ndividual s had always resided in the 1970 state of residence. W are, thus,
able to control partially for the air pollution exposure history of the
i ndi vidual, given that relative 1970 pollution concentrations across residen-
tial locations are simlar to the history of relative concentrations, The
year 1970 was selected for detailed enpirical analysis because the chronic
i Il ness dose-response expressions estimated for this year in Crocker-Schulze,
et al. (pp. 105-109) were considered to be the best representatives of all the
expressions for assorted years estimted by ordinary-Ieast-squares fromthe
PSID data

The 309 individuals of the sanple represent all individuals in the 1970
PSID cal endar year data for whom we were able to obtain observations on each
expl anatory variable, including total suspended particulate and sul fur
dioxide. It should be noted that this sanmple is unlikely to correspond to a
random sanpl e of the U.S. population. If anything, as a glance at the
arithmetic mean values of the explanatory variables presented in Table 2
shows, the sanple appears to include a somewhat disproportionately high nunber
of femal e househol d heads, “poor” childhood backgrounds, and relatively |ow
pecuni ary values of famly assets. For our present purposes, of course, a
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random sanpl e is unnecessary, given that the sanple was not selected on the
basis of whether or not the individual reported he suffered froma chronic
i I'lness.

The results of estimating the augmented (relative to our previous work)
chronic illness dose-response’ expression by the multivariate Probit estimator
are reported in the'last two colums of Table 2. As Poirier and Melino (1978)
have shown, the coefficients are proportional to the change in the probability

that an individual will report being chronically ill for a one unit change in
the explanatory variable. Thus, for exanple, a male, is nearly twice as
likely to report being chronically ill as is a female. Qur use of the Probit

estimater presunes that each individual has a threshold |evel of the

expl anatory variable bel ow which he will not view hinself as being made
chronically ill. However, the estimator also presunes that there exists a
transformation causing these threshold values to be normally distributed over
our sanple and, therefore, that there exist some individuals for whom even .
mnor levels of air pollution will cause themto report being chronically ill
The constant termis sinply a shifter.

Wth the exceptions of CIGN, LEXR and POOR, the signs of all
coefficients coincide with a priori expectations. The combinations of signs
for the AGE variables and the FOOD variables are consistent with increased
| i kel i hoods of reporting chronic illness at the extremes of age and diet
adequacy with a reduced likelihood in the middle ranges. Increases in al cohol
consunption, exposures to carcinogenic substances, accident risks in the
wor kpl ace, physicians to originate or confirm the individual’s self-diagnosis,
and air pollution in the formof sulfur dioxide all serve to increase the
chances of self-reported chronic illness. The coefficients of CANX and JACCR
are probably biased downward, since they refer only to the current workplace,
rather than to the individual's workplace history. On the other hand,
consistent with the work of Tromp (1962) and others, high precipitation and
| ow midw nter tenperatures are less likely to make the individual fee
chronically ill. Those variables such as ASSETS and UNI ON, representing
factors thought to reduce the opportunity costs of feeling chronically ill
all contribute positively to the probability of reporting chronic illness.
Simlarly, more education and larger famly size, variables which capture
factors tending to increase the opportunity costs of feeling chronically ill
each have negative signs attached. Since people who are veterans and have
medi cal insurance face |ower marginal prices for medical care, they can be
expected to consunme nore nedical care thereby reduce the frequency of their
chronic illnesses. The negative signs attached to HVET and INSR are
consistent with this interpretation. Note that the coefficient attached to
the latter variable is estimated froma systemthat accounts for the siml-
taneity between the |ikelihood of possessing nedical insurance and the
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TABLE 4.2

MAXIMUM LIKELIHOOD ESTIMATES OF SELF-REPORTED CHRONIC ILLness (DSAB)

Variable Mean Coefficient Standard Error
AGE -1 39.36 0O . 08 4 0.054
(reE)* x 10 177.00 -0.776 0.582
ALDY 1.11 0.169 0.100
ASSETS 2.68 0.001 0.001
CANX 18.77 0.006 0.021
TIGN CIGN = 1.73

gm = 0.64 ~0.527 0.190
COLD 37.86 -0.025 0.015
EDUC 3.76 -0.087 0.162
FMSZ 3.22 -0.005 0.056
FooR 1.80 -0.499 0.470
(FooD) 3.90 0.089 0.095
HVET 0.19 -0.472 0.400
NS INSR = 0.72
g@= 0.80 ~1.223 0.490
JACCR 33,17 0.003 0.005
LEX LEXR = 0.18
i EXR = -1.13 0.115 0.454
PHYS 24. 08 0.007 0.010
POOR 0.52 -0.503 0.290
PRCP 39.77 -0.043 0.017
SEX 0.57 0.927 0.556
SULM 18.37 0.011 0.010
UN 10N 0.19 0.422 0.398
Constant 1.090 1.807
(-2.0) times log of likelihood ratio 85.609; statistically signifi-

cant at the one percent
for the x? distribution
with 21 degrees of
freedom.

Observations at Unity 77
Observations at Zero 232

NOTE: No levels of significance are indicated because the asymptotic properties
of the standard errors for this sample are not known. A simulation experiment
with the simultaneous probit estimator suggested to Nelson and 0Olson (1978,

p. 702) that its standard errors could be biased upward by as much as a factor
of 1.6.
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presence of chronic illness. Note also, however, that the results for these
variabl es explaining the “demand” for chronic illness have not been derived
froman explicit analytical nodel. The above interpretation may therefore be
unwar r ant ed

Interpretations for the signs of CIGN, LEXR, and PCOR are less readily
provided. It is possible that no one of these variables is a reasonable
measure of the effect we were trying to capture. For exanple, CIGN represents
the estimated nunmber of current cigarettes smoked per adult famly nmenber.
There is no obvious connection between this neasure and the snoking history of
the individual whose health status is being inspected. It is, of course
possi bl e that those who are already chronically ill increase their snoking
because of the greater utility it mght then afford. As for LEXR it appears
fromits estimted mean value that the expression used to calculate it did not
perform very well. In addition, the perception of what constitutes strenuous
exercise can differ across individuals. Again, strenuous exercise mght yield
greater utility for those who are already chronically ill, so that they are
more likely to participate in it than are healthy individuals. Simlarly, the
current perception of whether one’s parents were poor may be nore a neasure of
one’s current real incone status relative to the former status of one’'s
parents rather than an absolute neasure of the latter’s fornmer status. Thu s,
extending the Dusenberry (1949) hypothesis to an intergenerational context, it
m ght be that greater relative current real income may engender a sense of
security reducing the opportunity costs of being chronically ill.
Alternatively, the explanation for the unexpected negative sign mght sinply
be that a selection process operated in the past to elimnate those who were
| ess wel |l genetically endowed and who al so had poor chil dhoods.

A rank-ordering of the explanatory variables fromthe nost to the |east
statistically significant rssuits inthe follow ng: CIGN, INSR, QRCPzF(I}{
ALKY, SEX, COLD, AGE, (AGE) , HVET, Foob, UNI ON, sum, Assers, (FOOD)~, PHYS,
JACCR, EDUC, CANX, LEXR, AND rFMsz. Thus, at least for the sanple represented
in Table 2, air pollution, as measured by annual 24-hour geonetric mean sul fur
dioxide, is less robust statistically than the climte variables but nore
robust than the measures of occupational hazards. However, as indicated in
the table, SULM woul d appear to be statistically insignificant at conventiona
levels.  This general conclusion holds when another air pollution variable,
annual 24-hour geonetric mean suspended particulate, replaces the neasure of
sul fur dioxide used in Table 2. Upon doing this, a coefficient of 0.006 with
a standard error of 0.007 is obtained. Gven that the standard errors of the
sinul taneous probit estimator are thought to be biased upward (perhaps by as
much as 1.6 according to Nelson and O son (1978, p. 702), the actual effect of
air pollution on self-reported health status may be nmore significant than our
results indicate. Nevertheless, even if the standard error on the air
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pol lution coefficients are in fact biased upward by a factor of 1.6, the
statistical significance of these coefficients remins questionable.

In order to provide another basis for conparison with Crocker-Schulze,
et al. (1979), we substituted the measure used for the length of chronic
illness (LDSA) in our earlier work for the dependent variable in Table 2. The
system was estimated by the two-limt simultaneous probit technique enployed
in Nelson and O son (1978). Again, the results obtained were not inconsistent
with our previous OLS estimates. In fact, the magnitudes of the air pollution
coefficients were alnost twice those obtained in the OLS results. However, as
Poirier and Melino (1978) denobnstrate, the coefficients of an explanatory
variable in a truncated regression procedure such as probit is proportiona
to, but not equal to, the partial derivative of the conditional mean of the
dependent variable with respect to a one unit change in an explanatory
variable. This factor of proportionality, which is identical for each
coefficient in a regression, can be determ ned when the variance of the
untruncated variable is known. For the PSID data set, this variance is
unknown.

VWH THER FROM HERE

The motivation for this paper, as well as our previous work in the area,
originated in our convictions that economc analysis and its enpirical tech-
ni ques could contribute to the resolution of certain recurring puzzles in
studies of the incidence and severity of diseases in human popul ations, part-
icularly the epidemology of air pollution. W have viewed human heal th
status as a decision variable and have therefore been able to enpl oy economc
theory as a means of providing nore a priori structure for the analysis of
epidemiological data. Considering only the enpirical results reported in the
previous section, it seens we have not yet provided enough information on
structure for resolution. W have by no means, however, exploited all the
concei vabl e econom c-behavioral structural relations from which restrictions
m ght be obtained.

One nmight introduce nore statistical information by quasi-replication of
the structures already estimted; that is, we could pull additional sanples
fromthe PSID data set and estimate for each of those sanples the sane two
structures already discussed. This strategy has been used [Crocker-Schulze,
et al. (1979)] in an earlier substantially less rigorous treatment of the same
dat a.

Alternatively while retaining the structure that economc analysis and

epi dem ol ogy provide, we can draw upon know edge in biophysics, biochemstry,
and bioenergetics to a nuch greater degree than previous studies in air
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pol lution epidem ol ogy appear to have done. In a manner consistent with human
capital theory, as some existing work has in fact already done [e.g., Cropper
(1977) and Crocker-Schulze, et al. (1979)]. The individual night be construed
as having an initial health endownent that, due to natural aging, depreciates
exogenously over tine. However, by his decisions about life-style and his
occupational and environmental exposures, he can either slow or accelerate
this natural depreciation. An integral part of these human capital treatnents
has been the representation of a production function in inplicit form where
sone crude neasure of health status is determined by rather arbitrary
assortnents of the aforementioned collection of |ife-style, occupational, and
environnental variables. W suggest, at least insofar as enpirical treatnents
are concerned, that one can specify this production function in much nore
detail while retaining the human capital framework for the individual’s

deci sion problem

As an alternative to traditional toxicological research enmphasis upon
met abolities and netabolic pathways, the Second Task Force for Research Plan-
ning in Environnental Health Science (1977, Chapter 14) recomrends that nore
effort be devoted to building upon existing know edge of the structure and
function of particular organ systens such as the respiratory and
cardi ovascular systenms. Contrary to nost of the arcane (to an economi st)
basic research on the fundanental chemical processes at work in various
met abol i ¢ pat hways, nuch of the work on the determinants of the individual’s
research of organ function appears to be readily translatable into nere
displays of the fact that within |imts the same quality of some sinple
measure of the health status of the organ system such as the ventilation

, . . . . . 10
capacity of the lung, can be obtained from various conbinations of inputs .
In many cases, the responses of the health indicator of the organ systemto
various stresses follow well- known physical |aws having Sifcific functi onal
forms and even particular values attached to coefficients.

Wien writing down the individual’s decision problemwth respect to
health status, we may be able to structure the problem nore tightly by build-
ing the aforementioned information on organ system responses directly into the
constraint set. Rather than having an inplicit production function in which
the value of a “self-reported, highly aggregated measure of health status
(e.g., whether or not the individual is chronically ill) is explained by a
collection of intuitively reasonable variables, one can enploy a description
that precisely maps a limted and well-defined set of major influentia
factors into a continuous scaler neasure of the health of an organ system

SUMVARY AND CONCLUSI ONS

The preceding pages are not without technical sin. In particular, wth
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out rigorously explaining from whence they cone, we have introduced variables
that are supposed to represent the opportunity costs of reporting or failing
to report ones self chronically ill. Otherwise, however, by enploying a nore
robust estimation procedure, by redefining the chronic illness variable, and
by introducing better measures of cigarette snoking, hazards and toxic
exposures in the workplace, medical care, and climte, we have responded to
several well-founded. criticisms of the norbidity results in Crocker-Schulze,
et al. (1979). On the basis of those new tests, we see no reason to alter our
previous interpretation of the effect of air pollution upon self-reported
chronic illness.
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REFERENCES

In accordance with the el oquent argument of Calabresi and Bobbit (1978),
one mght attribute the dom nance of this perspective in public policy
settings to the fictions erected by societies to segment narkets that
woul d otherwise require explicit judgments about the relative worths of
individuals’ lives. Calabresi and Bobbit (1978) argue that these
fictions seine to soften intolerable societal stresses. The purpose they
serve in a scientific setting is not obvious.

Al'ternatively, the laboratory studies try to specify the intervening
processes causing an observed health effect.

Apart from these issues, the practice of applying laboratory results to
everyday human environnents is questionable. As Anderson and Crocker
(1971, p. 146) note, so as to renove all sources of stress other than air
pol lution, all other factors influencing health in the laboratory tend to
be set at biologically optiml levels. Gven that these biologically
optimal |evels exceed those found in everyday environnents, it follows
fromthe |aw of variable proportions that air pollution-induced health
effects in the laboratory will exceed those found in everyday

envi ronnents.

It should be noted that many biomedical authorities strongly dispute the
bi ol ogi cal existence and the policy rel evance of thresholds for nost

envi ronmental contaninants. Authors such as Epstein (1974), Goldsmith
and Friberg (1977) argue that any positive anmount of pollution induces
ill-health effects for sone individuals and increases the probability of
ill-health for everyone exposed.

Among the nore notable exanples are: MDonald and Schwing (1973); Liu
and Yu (1976); Mendel ssohn and Orcutt (1979); Gegor (1977) and Koshal and
Koshal (1973).

However, particulate was statistically significant in an expression
expl ai ning pneuroni a and influenza related deaths. Sulfur dioxide was
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statistically significant in an expression for deaths attributed to early
infant diseases. N trogen dioxide would have been statistically
significant in heart disease if a slightly less severe |evel of
acceptance had been adopt ed.

In order to get the data to “give” nore, the authors of the Lave-Seskin
type work have’ usually tested with the same data set several different
functional forns and conbinations of explanatory variables. The
objective frequently seenms to have been the maximzation of certain
summary statistics (e.g., the coefficient of determination) having no
basis in any a priori hypothesis. \ are unaware that the pretest or
sel ection procedures surveyed in Wallace (1977) and Judge, et al. (1980,
Chap. I1) have ever been enployed during these manipulations. |f these
procedures are not enployed, the properties of the classical |east
squares estimators these authors typically use can be substantially
altered; that is, the customary interpretations cannot be attached to
estimated coefficients and standard errors.

Ambi ent pollution concentrations for a single year at single (usually
downtown) sites served as proxies for the lifetinme exposure histories of
entire regional populations. For a succinct treatnent of the trade-off
between corrections for specification error and identifying variability
when measurenment error is present in an independent variable of interest,
see Griliches (1977, pp. 12-13). The addition of inperfectly measured
expl anatory variables to the expression being estimated wll bias
downward the coefficients of the air pollution variables.

For now, we nuch prefer to |eave accounting issues about what the
estimate mean in terns of national economc inpacts to nore adventuresone

types.

See Kao (1972, Chap. 111 and 1V) for readily understood treatnents of the
| ung as a nechanical punp and as a gas exchanger

Many of these responses have been established in animal rather than hunman
studies. The validity of extrapolating results fromthe former to the
latter is a major source of controversy in bionedical studies of

pol lution effects upon organ systens.
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Chapter v
MEASURI NG THE BENEFI TS FROM REDUCED ACUTE MORBI DI TY

| NTRODUCTI ON

The predom nant view in economcs is that individuals are unaware of the
health effects of air pollution and therefore do not take theminto account in
maki ng decisions (Lave 1972). Gven this view, the appropriate way to neasure
the morbidity benefits of a reduction in pollution is to estimte a damage
function and then assign a dollar value to the predicted decrease in illness.
This, together with any reduction in medical costs, is what an individua
woul d pay for a decrease in pollution if he treated his health as exogenous.

Unfortunately, this approach is inconsistent with the view, widely held
in health economcs, that individuals can affect the time they spend ill by
investing in preventive health care. Support for this view is provided by
M chael Gossman (1972a, 1972b, and 1975) whose work indicates that
individuals diet, exercise and purchase nmedical services to build up
resistance to illness. These findings suggest that if persons in polluted
areas perceive their resistance to illness decreasing they will try to
conpensate by exercising nore, smoking |ess or getting nore sleep.
Conversely, an inprovement in air quality should lead to a decrease in
preventive health care, and the value of this nust be added to the benefits of
pol lution control

Human capital theory thus inplies that the damage function approach, by
ignoring the value of preventive health care, understates wllingness to pay
for a change in air quality. This conclusion, it should be enphasized, does
not assume that individuals know precisely the nmedical effects of air pollu-
tion. Al that is necessary for a person to try and conpensate for the ef-
fects of pollution is that he feels worse when pollution increases.

This paper presents a sinple nodel of preventive health care, simlar to
that of Gossman (1972a, 1972b), and uses the nodel to define what a person
woul d pay for a change in air quality. The nodel assunes that one can build
up resistance to acute illness by increasing his stock of health capital
however, health capital decays at a rate which depends on air pollution. For
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acute illness, willingness to pay as derived fromthe nmodel, is greater than
the benefit estimate conputed using the damage function approach. To
illustrate the size of this discrepancy estimates of willingness to pay are
conputed using data fromthe M chigan Panel Study of Income Dynanics

A MODEL OF | NVESTMENT |IN HEALTH

The essence of the human capital approach to health is that each indi-
vidual is endowed with a stock of health capital, H which nmeasures his

resistance to illness. This stock can be increased by combining time, TH,
with purchased goods, M, to produce investnent in health, !
- 1"’C g 61 E
I, = TH hq Elt S i 2 (1)

Qut puts of equation (1) include exercise, rest and nourishnent. These will be
affected by factors such as the individual’s know edge of health, or the
presence of a chronic disease (Eit’” « ., E . in equation (1)).
n
For sinplicity suppose that investment in health exhibits constant re-

turns to scale so that the marginal cost of investment is constant and inde-
pendent of 1. This is reflected in equation (2) which gives the margina
cost of inveStment, T, 8 a function of the price of purchased goods, PN?
and wage, wt,

« l-z_ ¢ -§ -

™
W PM_E « «pnt

t t t it “ o. (2)

Investment in health increases the individual’'s health stock, Hr
according to equation (3),

dHt/dt = 1t - sth“ ©)

Health capital also deteriorates at the proportional rate § since resistance
to illness would decline if no investnents were made in hea I h.

The main notive for investing in health is that health capital affects

time spent ill, TL . For enpirical work it is npbst appropriate to assume a
t hreshol d relationghip between health capital and illness since a |arge nunber
of persons (half of the Panel Study sample) report zero days of illness each

year. A discontinuous relationship between H and TL , however, makes the

solution to the individual’'s choice problen1d§fficult? Ve therefore assune
that the individual views the log of illness as a decreasing function of the
log of health capital.
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InTL = y - alnH, a > 0. (4)

This inplies that time spent ill can be nade arbitrarily small, although not
zero.

Equations (3) and (4) suggest that the nodel, while appropriate for
accute illness, shotild not be applied to chronic illness. In (4) a reduction
in the health stock increases time spent ill; however, being ill in one
instant does not reduce the stock of health capital in the next. This is
reasonable only if TLt refers to acute illnesses such as colds and the flu.

To sinplify the nmodel and facilitate estimtion of willingness to pay (4)
is assumed to be the only motive for investing in health. This reduces health
to a pure investment good and inplies that the only effect of health on
utility is through the budget constraint.

In this case the decision to invest in health can be separated fromthe
decision to purchase other goods. First, a path of investment in health is
chosen to maximze R, the present value of full income net of the cost of
investnent, then utility is maximzed, given R In the present nodel ful
incone is the market value of the individual's healthy time. If @is the
total time available at t then h = @ - TL is the amount of healthy tine
avai lable. The present value of“full income net of the cost of investing in
health may therefore be witten

.
oj(w*“h’“ - m I e (5)

where T is length of life. The individual’s problemis to choose the path of
i nvest ment which maximzes (5) subject to (3) and (4).

When the marginal cost of investment is constant the solution to this
problem is sinple: at each instant the individual chooses an optimal |evel of
resi stance, H:, and then deternines the anount to invest in health from (3).~
The optinal health stock is determned by equating the value of the margina

product of health capital, wtaht/aﬂt, to its supply price
3h dar 1

t
w —';— = vt (r+6- T -Tr—t-). (6)

The latter consists of three parts: the interest foregone by investing r in
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health rather than at the rate r, the depreciation cost, = & , since each unit
of health immediately declines by an ambunt §, and a capifal gain which
accrues if the cost of investment is changing! |If =» is rising at
approximately the rate of interest then the right-haﬁd-side of (6) reduces to
T8 .

tt

Substituting from (4) the optimal health stock may be witten

1nH* = - (B + 1oW

! Tea - lmrt - ln(St), B=y + | na, @)
while time spent ill is given by
[+
* = - — - -
lnTLt Y - 1ma (B + 1nb{ ln1Tt lndt). (8)
There are several ways that pollution could enter this mdel. The ob-
servation that individuals are ill nore often in polluted environments coul d

mean that pollution enters the equation for time spent ill, (4), with a pos-
itive coefficient. This, however, inplies that two individuals with the sane
health stock are not really equally healthy. Instead, it seems prefera%7 to
assune that pollution physically alters the state of a person’s health. =
This can be acconplished by naking the rate of decay of health capital a
function of air pollution, P,

B St_ ¥, ¢
cSt = e Pt St . )
Equation (9) also inplies that the rate of decay of health varieg with age and
with other factors, St, such as stress or pollution on the job. =

Addi ng equation (9) to the nodel neans that it is nmore costly to build up
resistance to illness in polluted environments, hence individuals in polluted
areas will chose to maintain |ower health stocks and will be ill nore often
than persons in cleaner areas. Proponents of the damage function approach
m ght argue that this is unrealistic since individuals are unlikely to know
the precise formof equation (9). ALl that is necessary, however, for an
i ndi vidual to choose a |ower health stock is that he feels |ess healthy
(perceives 6 to be higher) when pollution increases. Knowi ng the precise
rel ationshi pt bet ween Gt and Pt is irrelevant in choosing Fﬁ.

THE VALUE OF A CHANCGE IN AIR POLLUTI ON
Ve now consider the value to an individual of a small reduction in pol-

lution at tinme t. Since a change in P affects net incone only at t the value
of a small percentage change in Pt i s defined as
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& P, =|d Ly WL+ disp 't (10)
dp d1nP dp_ '
t ( t

The first termon the right-hand-side of (10) is the value of the reduction in
sick time caused by a reduction in pollution. This is unanbiguously positive.
The second term describes the change in investment costs caused by a change in
pol lution. Reducing pollution increases the optimal health stock which, from
(3), increases I*. A reduction in P, however, also reduces § which lowers
the gross investment necessary to maintain a given health stock. For the
functional forns above the net effect of these factors is positive, inplying
that a reduction in air pollution reduces resources devoted to preventive
health care and thus increases wllingness to pay,

ay -1t

gﬁ P = oy - et A ap -rt
Wtht + ' tét)FF e = 2 Teq W TLe ", (11)

dpP t= I:a
t '

1+a

If equation (10) is conpared with the neasure of benefits conputed under the
damage function approach it is clear that the latter understates willingness
to pay. Followi ng Lave and Seskin (1977) the damage function approach woul d
measure the value of the reduction in sick time caused by a reduction in

pol lution, plus any change in nedical costs. Since medical costs are
negligible for acute illness, the damage function neasure woul d equal the
first termon the right-hand-side of, (10). The second term which neasures
the decrease in resources devoted to preventive health care, would be ignored.
To indicate the magnitude of this termand to give some idea of the morbidity
costs of air pollution we present estimtes of (10) based on data fromthe

M chi gan Panel Study of Income Dynanmics.

ESTI MATI ON OF W LLI NGNESS TO PAY

To conpute willingness to pay requires an estimte of ay/(1+a), the
elasticity of sick time with respect to pollution. Equation (8) suggests that
this can be obtained by regressing the log of sick time on the log of pollu-
tion and other variables which determine the optinmal health stock. Since a
| arge nunber of persons report zero days of illness each year the appropriate
statistical fornulation of the equation is a Tobit nodel

1nTL., = undefined if x' B+ u , <0
It it It
InTL., "X' B + U if X' B + > 12
it “ie it T (12)
wher e X, = (1 InPM 1nE_ . . 1nE_ 1nP_ 1nS 1nW t)
t t 1t nt t t t
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B = a(l+a)‘ "(comst. 1- —El Coe —En Yo ~(1-z) 5),
and u,  ~ N(0,c 3 for all t. Consistent estimates of (12) may be obtained by
paximim | i kel i hood.

Table 1 contains estimates of (12) for men between the ages of 18 and 45
fromthe M chigan Panel Study of Income Dynamcs. The dependent variable is
days lost fromwork due to illness, adjusted for differences in weeks worked
I ndependent variables, apart from the wage, either deternine the rate of decay
of health capital or affect the productivity of time invested in health.

Two features of the data should be noted. Since the dependent variable
cannot be observed for persons too sick to work the estimates in Table 1 are
subject to selection bias. This problemis not serious, however, since only
3% of the sanple is unable to work for health reasons. Secondly, the data
support a threshold nodel such as (12) since approximately half of the sanple
reports zero days of illness each year.

Before conputing willingness to pay we comrent briefly on the performance
of the independent variables in Table 1. The first four variables neasure
factors which affect the rate of decay of health capital--air polhr?on,
pol lution at work, parents’ incone (which may affect &) and race.s——The
first three of these consistently have the expected signs and are significant
in six out of eight cases. Race, when significant, inplies that being white
increases the rate of decay of health capital. The second four variables
affect the productivity of time spent investing in health. The presence of a
chronic condition has a |arge negative inpact on the productivity of time
invested in health and is therefore positively related to sick time. Educa-
tion, being married and being cautious should increase the prevention received
for a given expenditure of resources and are in nost cases negatively related
to illness.

The chief anonmaly in the health equations is the behavior of the wage. A
hi gh wage, by increasing the value of healthy time, should increase H* and
reduce TL.. In Table 1 the wage is either insignificant of positive1§ rel ated
to illness. This could be caused by two factors. In the Panel Study the wage
is conputed by dividing |abor incone by hours worked. This is not a good
measure of the marginal wage unless an individual receives the same wage for
each hour worked. Secondly, as G ossman (1972t) has argued, the wage may act
as a proxy for deleterious consunption habits, e.g. , eating rich food, which
increase the rate of decay of health capital

W turn now to estimtes of willingness to pay. In Table 1 pollution is
measured’ by the annual geonetric mean of sulfur dioxide, which has been |inked

57



TABLE 5.1

HEALTH EQUATIONS FOR MEN 18-45 YEARS OLD®

Independent Interview Year?P
Variable 1970 1974 1976
Constant *73.5474 -1.2320 -0.5084
(1.1253) (0.9599) (0.9014)
Ln(SOZMean) 0.2879 0.3168 0.3189
(0.2140) (0.2076) (0.1823)
Works in 0.5001 0.4323
Manufacturing® (0.3659) (0.3133)
Parents” Income -0.1832 -0.1310 -0.0150
(0.0936) (0.1182) (0.0953)
Race 0.7318 0.3768 -0.2950
(1=White) (0.2697) (0.4052) (0.3084)
Has a Chronic 1.1972 0.6515 0.9347
Health Condition (0.4582 (0.2862) (0.2602°
Yrs. of Schooling -0.1317 -0.1091 0.0496
(0.0795 (0.1170) (0.0508
Marital Status -0.9678 0.9321 -0.6639
(1=Married) (0.5098 (0.4550) 0.3323
Risk Aversion -0.3970
Index* (0,0881
Ln{(Wage) 0,7492 -0.0899 0.1719
(0.2873 (0.3553) 0.2813,
o 2.1460 2.1586 2.1639
(0.1824) (0.2656) (0.1931)

n

‘The dependent variable in each equation is the log of [work-loss days/(days
worked + work-loss days)]x365. Standard errors appear beneath coefficients.

bEach interview year corresponds to the previous calendar year.

‘Not available in 1970. dNot available in 1974, 1976.

Sources: All variables are from the Michigan Panel Study of Income Dynamics
except SO,which is from the U.S. Environmental Protection Agency.
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with acute illness in epidemiological studies. No other pollution variables
are included since collinearity between pollutants |eads to insignificant
coefficients if several variables appear together. SO0,should therefore be
regarded as a pollution index and willingness to pay estimates viewed as
indicators of the order of magnitude of willingness to pay. For the interview
years 1970, 1974 and 1976 the mean of SO,is asynptotically significant at the
.10 level or better’ (one-tailed test); furthermore its coefficient is approx-
imately 0.3 in each year, despite differences in the specification of the

heal th equati on.

Consi der now the amount an’ individual would pay for an x% reduction in
pol lution. According to (11) this anount is

d1nTL
2(x/ 1 00) W TL . (13)
d1lnP C
t

In equation (12) the elasticity of sick time with respect to pollution is
equal to ®(x' B/u), the probability of being ill, tines the coefficient of the
| og of pollu%lon. Since ®(X! B/u) can be approximted by the fraction of the
sanple which is ill, (X' B/cle = 0.5 in each year, implyinE/that t he

elasticity of sick tine #ith respect to pollution = 0.15. The expected
value of TL , calcul at ed(j the sample nean of Xi’ is approximately 40 hours
in each interview year. —

Equation (13) thus inplies that the average person in the 1976 sanpl e,
who earned $6.00 per hour, would pay $7.20 annually for a 10% decrease in the
mean of SO_. The damage function approach, by contrast, would put the val ue
of a 10% reduction in pollution at only $3.60. In a city with one mllion
prine-aged nmen this would understate the value of a 10% reduction in air
pol lution by $3,600,000 annually. Ignoring adjustments to pollution,
therefore, could sizeably understate the value of an inprovenment in air qual-

ity.
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For this solution to be valid the resulting value of | nust Iie between
Oand I, the mximum | permtted at any t. (That I exists is guar ant eed
by the fact that & and non-labor incone are finite.)

It is also true that air pollution affects productivity of time spent
exercising; however, not all time invested in health is affected in this
way. It therefore seems inappropriate to incorporate pollution in the
production function for health.

In the paper % is viewed as exogenous, hence the possibility of altering
Gt by nmoving or changing jobs is ignored.

Age, which should also affect the rate of decay of health, was dropped
fromthe equation for lack of significance.

Evaluated at the sample nean of X e’ ®(X' B/o) 0.57 in 1970; 0.50 in
1974; and 0.53 in 1976. i

E(lnTl ) = X' BO(X' B/a) + o¢(X' B/a). If this expression is evaluated

at the" sanple thean % X“E E(TL }tls,respectively, 46, 38, and 41 hours
in 1970, 1974, and 1976.
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CHAPTER vI
AIR PCLLUTI ON anp DI SEASE: AN EVALUATION OF THE NAS TWNS

| NTRCDUCTI ON

Human disease,is caused by a mosaic Oof events, exposures, psychoses,
genetic background, and the environment in which the individual resides. Air
pol lution is but one of the many factors potentially influencing norbidity and
nortality rates of the population. The central question arises as to whether
the net effect of air pollution can be assessed and neasured such that a
scientifically defensible estimate can be made of the change in health
resulting from a change in anbient outdoor concentration of air pollutants
In recent years, a number of substantive studies have been undertaken to
estimate this net effect. Lave and Seskin (1977) in their nonunental work
conclude that air pollution, when other factors are taken into account,
contributes substantially to increased nortality across cities in the U.S.
Mre recently, Gaves and Krumm (1982) have denonstrated a connection
(non-linear) between hospital admission rates and concentrations of carbon
nonoxi de and sul fur oxides. Ostro has denonstrated a rel ationship between
work |oss days and particulate concentrations. Cther studies have connected
hi gher concentrations of air pollutants with indirect neasures of |ack of
heal th [Gerking (1982).]

In this study we attenpt to evaluate the inpact of higher anbient
concentrations of air pollutants on certain synptons and reported diseases of
a sanple of approximately 14,000 twins who served in the Arned Forces during
Wrld War |I. The sinple idea underlying the study is that if there is a
relationship between disease and air pollutant exposure, then exposure to
hi gher concentrations of air pollutants, over time, should lead to a higher
| evel of reported synptons and incidence of certain diseases. Problenms arise
from many sources in this approach. For exanple, a symptom such as cough or
shortness of breath can be related to the presence of many types of disease
or no disease at all. The presence of a cough, chest pain, and shortness of
breath may be caused by asthma, enphysema, chronic bronchitis, or ischenic
heart disease, anong others. Secondly, the presence of a disease may not be
detected because of a lack of one or nore synptons, or not seeking nedica
treatnent. In addition, synptoms may be related to the presence of nore than
one type of disease. As one illustration, the individual may have both heart
arrhythma and enphysema, and yet exhibit shortness of breath as a single
synptom  Finally, synptoms may not be accurately diagnosed and thereby
reported on by the individual either because of a lack of basic medica
understandi ng or other reasons. Also, there are substantial difficulties in
relating synmptons ta the preval ence of diseases, even though synptons may
emerge as a result of higher air pollutant exposures

Factors other than the presence of air pollutants may have a significant
effect on the occurrence of synptoms. Heavy snokers would tend to have a
cough and perhaps shortness of breath regardless of air pollution
concentrations. Air pollutants would then only exacerbate the presence of the

synpt om
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These and other qualifications nust be kept in mnd in evaluating the
results reported later. A sinple flow diagram (Figure 1) contains nost of
the hypotheses tested in this study. Exanples of the factors proposed to
influence the presence of synptons are given in colum 1. The list of
symptonms recorded in the National Acadeny of Sciences twins data set are
listed in column 2. A sample of the potential diseases that may be di agnosed
fromthe synptoms are listed in colum 3. Finally, in colum 4 direct and
indirect medical costs.are given. In this study, primary efforts were made
in relating factors affecting synptonms to synptoms and relating synptons
to the likelihood of a particular disease. As one exanple, increases in the
| evel of total suspended particulate in the air may cause a greater number
of individuals reporting severe chest pain (debilitating for more than one
hal f hour) and shortness of breath when other factors such as cigarette
consunption are taken into account. Severe chest pain over a period of
time is one of the primary signals of the possibility of coronary heart
attack or ischemic heart disease, although the signal may be for something
el se much less severe. Approxinmately 2 percent of individuals reporting
severe chest pain have a coronary heart attack in the near future. Working
through the chain of factors; synptons, occurence of di seases, and econom c
cost of diseases, an estimate can be made of the inpact of air pollutant
exposure on economc costs. From sone of the estimates reported later on
a1l ug/md increase in total suspended particulate concentration inplies a
$0.03 Per capita increase in econom c costs associated with coronary heart
attacks. However, these estimates should be viewed as purely experinenta
since many of the calculations and assunptions are new and have not been
verified or replicated in independent analyses.

In the next section, a brief conceptual econom c nodel is described
where synptons becone a part of a household technology in solving medica
problens. The followi ng section contains a description of the data set.

The next to last section contains the estinmated regressions (one set) and
final results on economc costs related to air pollutants.
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Factors Di seases Economic
Affecting p~——————p| Symptom ——p| Rel ated to ] Cost of

€9

Symptom Symptom Diseases
Di et Cough Chronic Bronchitis Hospital
Expendi tures
Age Short ness Enphysena
of Breath Loss of Earnings
Ast hma Bronchiectasis
Chest Pain Loss of Earnings
Al cohol Chronic Interstitial Due to Death
Consunpti on Severe Chest Pneunoni a
Pai n Physi ci ans
Income | schemic Heart Servi ces
Coronary Heart Di sease
Cigarette Attack
Consumption Congenital Heart
Di sease
Anbient Air
Pol l ution Car di omyopat hy

Cardi ac Failure

Figure 6.1 Major Relationships Examined and Statistically Estimated for the NAS Twins



MODEL DEVELCOPMENT

A MODEL OF THE I NDIVIDUAL' S HEALTH PROBLEM

It has been said by many people many tines before that although they may
not be rich, at least they have their health. This not only indicates the
I nportance of one’s health in the enjoyment of his life, but further suggests
that an individual will normally have nore than just a passive interest in
the state or quality of his health. Stated in the termnology of the econom st,
one’s health state is a valued good which yields utility to the individual

There have been a reasonably |arge nunber of alternative econom c nodels
of health status proposed in the economc literature ranging fromlifetime
earnings concepts to |abor market success. Mst of these nodels concentrate
on the effect of health status on the supply or productivity of labor (I1). The
general conclusion of these studies is that the occurence of diseases nay
reduce earnings by 20-30 percent through both amount of hours worked and the
wage rate received. We have not discovered a study simlar to this one
which attenpts to relate the incidence of disease, through synptoms, to
specific causes, such as air pollution. Previous studies by the Wom ng group
have focused on sorting out the demand and supply for medical services and how
this is effected by air pollution (2). The issue of simultaneity in demand
and supply is not addressed in this study.

It is safe to assume ‘that an individual would |ike to have the best
qual ity of health possible, but the procurenment of such is not wthout costs.
In particular, the individual may also gain utility fromthe consunption of
goods which will adversely effect his health. For exanple, he may enjoy
smoki ng cigarettes which has been linked to numerous lung ailnents.  Thus ,
the individual must balance his desire for snoking against his desire for
good health. The acquisition of better health may also involve the necessary
consunption of goods “which in and of thenselves yield the individual dis-
utility. For exanple, in order to increase the quality of his health state
the individual may have to do sone physical exercise when he prefers a nore
sedentary existence or he nay have to eat types and quantities of food which
are not to his liking (i.e., a salt-free diet or a sinple weight-reducing
diet) . Finally, the quest for good health may also involve nore direct costs
such as medical bills and possibly drugs such as aspirin, vitamns, insulin,
or nedicines to control blood pressure problems. Hence, one may envision the
individual’s problemw th respect to his health as an econom c one where
choi ces nust be nade and tradeoffs considered between increased health

quality and the costs of procuring it. In other words, within linits, an
individual's health quality is a variable over which he possesses some contro
and which he will likely attenpt to manage in sone optimal fashion. It is

the intent of this section to present a nodel of this problem and the relevant
factors which are likely to influence the individual’s choice. Particul ar

emphasis will be placed on the role of air quality in this decisionmaking
process.
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The Wility Function

The utility function of an individual is a relationship between different
quantities or bundles of goods and the satisfaction or happiness they provide
to the individual in a specified time period. As noted above, the quality of
one’s health is likely to be a good which yields the individual utility. But
nunerous others could also be mentioned from French caviar to t-shirts. In
this study, however, primary enphasis will be placed on those goods which are
likely to either indirectly or directly effect the health of the individual
In particular, the individual’s desires with respect to snoking, drinking of
al coholic beverages, nutrition, and the nature of his health state itself.

Let the individual's utility function then be expressed as foll ows:

U, = Ut(Qt, Ce» By, E» Hp, X)) )
wher e

Q, refers to the air quality levels to which the individua
is exposed at tine t;

C, is the quantity of cigarettes consuned at tine t;

B, is the quantity of alcoholic beverages consunmed at time t;

E is the quantity of exercise (nunber of mnutes) the individua
engages in at tine t;

Ht is the individual's perceived health status at time t;

X, is the quantity of a conposite good (i.e., all other goods)

consumed at time t.
It appears reasonable to assune that the follow ng relationships exist,

v, U, > O;UQQ’ Ugpr Ugx < 0. (2)

0" g Ux
Wth respect to the other variables, it is possible that either utility or
disutility could be generated by the “goods” listed. |If the goods are
viewed as “goods” by the individual then the follow ng relationships are
likely to exist,

U g u, > 0;10U u

c E cc> Use’ Ygp < 0 - @)

If they are viewed as '"bads" then,

UE<O;U U

‘C ‘B cc’ Upp? Ugg 7 O *
of course, any conbination of some of them as “goods” and some as 'bads"
woul d al so be possible subject to the relationships relevant above.

Several points are relevant to this representation of the utility
function. First, the state of one’s health appears directly as a source of
utility to the individual. It is likely that the health state actually is a
joint “input” with the other goods in the “production” of utility but its
inportance in the utility function should nonethel ess be downpl ayed any nore
than the role of energy inputs as joint inputs with agent inputs should in
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the production of some output. Secondly, although the level of air quality

may be viewed as a choice variable of the individual (he can effect it by
living in different areas, for exanple), for the purposes of this investigation
it wll be taken as given and beyond the control of the individual in order

to keep the number of adjustments the individual can make in response to it

at a workable level. The inclusion of air quality in the utility function is

a proxy for the aesthetic benefits the individual receives from the environ-
mnt. As air qualify deteoriates (i.e., visibility is reduced or the air

begins to snell), it is likely that the individual wll experience a |oss of
aesthetic benefits and so, a resulting loss of utility.

Finally, note that the individual may get utility fromcigarette
consunption which may adversely effect the utility he receives fromthe
quality of his health. Thus, the tradeoff nentioned earlier and the need to
more closely specify the nature of the effect on health.

The Respiration Process

In order to understand how various factors influence one’s health state
It is necessary to gain a rudinentary idea on how the human body works. The
nornmal sequence of chemical changes in human calls depends on oxygen and
hence, there exists the need for continuous supply. One of the chief end
products of these chem cal changes is carbon dioxide and hence, the need for
continuous elimnation of this waste. In sinple single cell animals the
i ntake of oxygen and the release of carbon dioxide occurs at the surface by
diffusion. However, as organisnms increase in size and conplexity, a
specialized structure is devel oped which functions to serve the needs of the
various cells. In man this function, known as respiration, is performed by
the respiratory system aided by the cardiovascul ar system

Oxygen reaches the various cells in the body through three steps: (1)
fromthe environnent to the lungs, (2) the lungs to the blood stream and (3)
the blood streamto the cells. The novenment of carbon dioxide out of the body
is just in the opposite direction. Each of these steps may be discussed
separately. The first step, referred to as ventilation, involves inspiration,
or the breathing in of outside air and expiration, the breathing out of carbon
dioxi de. The driving physical force behind this process is Boyle's Gas Law
which states that “volume varies inversely with pressure at a constant tenp-
erature.”

On inspiration the primary nuscle of the respiratory system the
di aphragm pulls downward thus enlarging the cavity containing the |ungs.
This increase in volume, a |la Boyle, causes a reduction in the pressure within
this cavity with relative to normal “outside” pressures and so, causes air
to rush in and expand the lungs as pressures are equalized. On expiration
t he di aphragm relaxes and just the opposite occurs forcing air out of the
lungs. The substance of the lungs thenselves is porous and spongy. Bronchia
tubes (hollow air passageways) connect the lungs to the outside environment.
Each lung is conposed of a large nunmber (billions) of air sacs called alveol
each covered by nunerous capillaries. Thus , the ventilation process brings
air into these alveoli on inspiration and renoves air from them during expira-
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tion. The nakeup of the air inspired and that expired of course is not the
sane as that expired in percentage terns as it contains |ess oxygen (16 per-
cent versus 21 percent) and nore carbon dioxide than that inspired.

The second step in the respiration process is called external respiration
and invol ves the passage of oxygen fromthe alveoli of the lungs to the blood
stream (and vice versa, the passage of carbon dioxide fromthe blood stream
into the alveoli). “hat occurs is the passage of oxygen through the alveol
menbrane into the capillaries surrounding it and the opposite passage of
carbon dioxide into the alveoli. This transfer occurs due to variances in
partial pressures. As noted above, inspired air oxygen makes up a larger
percentage of the total volune of air then it, does in the returning blood from
the cells and so, has a higher partial pressure. Thus, as blood flows through
the capillaries surrounding the alveoli, due to the pressure differentials,
oxygen flows fromthe alveoli into the blood stream Since the returning
bl ood contains carbon dioxide released fromthe cells, the partial pressure
differential is just opposite and so, carbon dioxide passes fromthe capillaries
into the alveoli where the partial pressure of carbon dioxide is lower. This
exchange is influenced by several factors: (1) the area of contact for the
exchange, (2) the length of time blood and air are in contact (only about a
second or two at any one tinme--at |east once or twice a mnute all the blood
in the body passes through the capillaries of the lungs), (3) perneability of
cells formng the capillary and alveolar nmenbranes, (4) differences in
concentrations of gases in alveolar air and the blood, and (5) rate at which
chenmical reaction takes place between the gases and the blood. Respiratory
efficiency is also related to the nunber of red cells, henpglobin content
of these cells, and the area of the red cell (3).

The final step is internal respiration which involves the passage of
oxygen fromthe blood into the tissue fluid and on into the cells and the
reverse passage of carbon dioxide. After the exchange of oxygen and carbon
dioxide in the lungs, the newy aerated blood (oxygen-carrying blood) is
returned to the heart and then distributed to all parts of the body. As
bl ood nmoves into the various capillaries, the partial pressure of the oxygen
init is high while that for carbon dioxide is low. Manwhile, the reverse
is true in the tissue fluid and cells since they have “used” previous supplies

of oxygen and have created “waste” carbon dioxide. These pressure gradients
once again result in the transfer of gases between the bl ood stream and the
cells and thus, conplete the respiration process.

The Oxygen Producti on Function

Gven this sonewhat brief description of what in reality is a nost
conpl ex and not fully understood process, the human body, especially the
respiratory and cardiovascul ar systems, may be viewed as a factory which
processes an input (air in the environment) into a useful product for the cells
of the body (oxygen). There is also the elimnation of carbon dioxide,
but this may be seen as just another side of the same coin. Considering
useabl e and delivered oxygen to the cells as the output, an econom c pro-
duction function may be envisioned as follows,
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02 - f(K A (5)

wher e
02 is the anount of oxygen delivered to various cells of the
body during a specified time_ period
Ais the total volume of environmental air of fixed quality,
Q,» which is inspired during the specified time period
Kis the quality of the individual's “body capital” during the
specified tine period
In general, it is to be expected that

but a closer exam nation yields even nmore information

It should be clear that the two “inputs” in this production relationship
serve different roles. The inspired air is material to be processed by the
“body capital” (i.e., the various conponents of the human body--nore on this
bel ow) into useable oxygen. Substitution across these two types of inputs
may thus only be done up to a certain limt.* For exanple, if in a sedentary
position an individual requires 20 liters of oxygen per hour then clearly at
the very least the air inspired during an hour nust contain 20 liters of
oxygen (actually nuch more would normally be required since a relatively snal
percentage of the oxygen inspired is ever taken into the bloodstream). Thus ,
regardl ess of the state of the individual’s body capital, a mnimmof inspired
air is required and cannot be substituted for. On the other hand, the
body capital nust be at some mininum level of efficiency in order to insure
the 20 liters of oxygen eventually reaches the cells. So, for any given
oxygen requirement during sone period there are likely to exist mninmum
requi rements of both inspired air and body capital quality and these require-
ments will increase with increased oxygen requirenments. However, to the
extent these mninuns are attained some substitution between these inputs
are possible. For exanple, one could achieve a given |evel of oxygen produc-
tion in several manners. If the body capital is in a very poor state (but
at least the mninumrequired) this my be offset by a higher flow of inspired
air (increasing the rate of respiration). 1f the body capital is in fairly

good shape, clearly less inspired air would be required. These relation-
ships may be represented by the isoquant mapping of this production function
shown in Figure 2.

Measured along the vertical axis is increasing body captial quality
(nmeasured in terns of sone efficiency parameter), while increased quantities
of inspired air of agiven quality is nmeasured along the horizontal axis
Each isoquant then represents those conbinations of body capital quality and
volumes of inspired air (again, of a given quality) which would yield a given
amount of delivered oxygen to the cells, which as shown, is dependent on the
activity level of the individual. Dimnishing marginal rates of substitution
are assumed. Note that each isoquant approaches both a vertical and horizonta
asymptate t0 reflect the fact that for any level of oxygen produced there
exi st mninum requirements of both body capital and volumes of inspired air
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Figure 6.2 Conceptual Tradeoff Between Body Capital and Respiration

l02 required for heavy physical activity with an inferior air quality

‘02 required for heavy physical activity
302required for light physical activity

402required for sedentary existence
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This il lustration of the “oxygen production function” of the human body wl|
aid greatly in devel oping how an individual perceives the state of his health,
however, let us digress at this point for a nore indepth look at this variable
call ed “body capital”.

Kor K represents the true health status of the individual as given by
the quality of his “body capital,” that is, the actual physical condition of
his heart, lungs, and other conponents of his respiratory or cardio-
vascul ar systems and the proficiency in which they performtheir functions.

Though not directly observable by the individual, in general one would expect
t hat
Kt = KC(KO’ Q+’ C+, B+’ E_>s X__>5 M‘E) (7)
t t t t t ¢t

where K. represents the individual's initial body capital quality endowrent
whi ch woul d be based largely on inherited genes and the subscript =+ refers
to the full “time Profile” of consunption of the respective variabl® y to
time t. This says that not only is the total consunption of some good. say
cigarettes, C, inportant, but also the tining of this consunption. For
exanpl e, given that an individual’s body capital has some natural regenerative
capabilities as many feel it dees, than one woul d expect that someone who
smoked one pack a day for a year 5 years ago mght have a better state of

body captial today than sonmeone who snoked a pack a day for the last year.
Thus, the quality of one’s true health status is probably dependent on

cunul ative doses, as well as, the timng of those doses. This type of
dependence is difficult to nodel, however, most relevant information may

be captured by the follow ng:
Kevp -y = AK = g(Kt,Qt,Ct,Bt,Et,Xt,Mi) - 8K, (8)

where X_ woul d include nuch of the information concerning past |oadings of
Q C efc. and s represents a natural decaying factor of the quality of one's
body capital with age. Cenerally it seens reasonable to assune the follow ng

8y°8c> 8 < 0 and g, {4’x> 0 ©)

given the latest nedical evidence available (renenmber, the function g attenpts
to describe the actual change in one’s true health status given a certain

|l evel of outside influences and that these true xzelationships are still not
whol |y determ ned by the nedical profession). denotes- the anount of

medi cal services and/or nedicines purchased by the individual to inprove
the state of his health, i.e., vitamns, nedicine to control blood pressure
or sinply advice froma doctor. Since Xis a “catch-all” including al

other goods, it is uncertain howit wll over time effect the level of K.
Finally, included in the behavior of g would be sone account for the natura
regenerative capability of the body capital. In other words, for |evels of
Q C and B below some threshold |evel for each, one would expect g to be
positive to reflect an inprovenent in body capital
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The Individual’'s Perceived Heal th Status

Gven a level of K determned as in (7), let us return to Figure 2.
Clearly, if Kis at sonme level such as K* the individual should observe little
problem with lack of oxygen. However, if his level of K were nmore |ike that
of K** then note that |ight physical activity beconmes inpossible for him and
even a sedentary existence requires nore inspired air, A**, then the individua
with K quality (A*). This second individual will thus be getting a symptom
(i.e., shortness of breath or chest pain if his heart nust do extra duty
to process nmore air) that something is wong.

Anot her manner in which a synptom a physical response of the body, m ght
occur involves the level of air quality. However, suppose the air quality
was worse. For a lower level of air quality it is likely that the isoquants
of Figure 2 would shift in a northeasterly direction. That is, to produce a
given amount of delivered oxygen would require both nore inspired air (since
the useable portion of this air would be less) and a higher quality of body
capital since nore of the material input would have to be processed. This
suggests that an individual with a given level of K may experience no
synptons in a “good” air quality situation, but as air quality deteoriated
synptoms woul d arise as the mnimum requirenents of inspired air rose

G ven the above, a synptom an observabl e phenomenon to the individual
has basically two sources--a deteoriation of body capital or a deteoriation
of air quality. Wth respect to air quality then it is possible to distinguish
between its chronic effects (its effects on the quality of body capital) and
its acute effects (its effects on changes in the useable nature of the materia
input-- inspired air). So, the advent of a synptom may be the result of a true
deteoriation of health status or sinply the result of deteoriating environ-
nmental quality (wherein health status is actually not in jeopardy). Take
coughing for exanple. This synptom could occur because the quality of body
capi tal has been reduced to low levels and so even with good quality air the
i ndi vidual coughs (for exanple, the individual could be a long-tine snoker
and this has led to enphysema wherein many of the alveoli of the |lungs have
been rendered all but unusable). On the other hand, coughing could occur
because of a high concentration of sone pollutant in the air one breathes
(that is, the individual's health status may be okay, but the material input
of the oxygen producing process is in some nanner inadequate or unusable)
Of course, the coughing could also be a result of both inferior quality body
capital and inferior air quality. In any case, it is likely that

St = St (K, Q, Mi) (o)

or that the occurence of some synptomis dependent on the true state of the
individual’s health, air quality, and possibly on medicines used to alleviate
the advent of a synmptom (i.e., one could use cough drops to reduce coughing,
eye drops to reduce eye irritation, or aspirin to relieve a headache).

Gven this it is likely that
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b K! & Qj_ k4 “S o“
These synptons are the only observable manner in which the individua
may get a perception of his true health state. If there are no synptons

to the contrary an individual is likely to assume he is okay while if sone are
prevalent he is likely to assume that sonething is not right. Another way in
which he may evaluate his health status is to procure nedical information
For example, although a person with high blood-pressure rarely has noticeable
synptons, a blood pressure test could reveal the problem and thus, give the
individual a clearer picture of his health status. Also, going back to the
exanpl e of coughing above, a medical check-up could tell the individual if in
fact the coughing was due to sonething |ike enphysema or instead just by
“something in the air” meaning his health state was okay. This suggests that
H = H_(St, Mg) 12)
or that the individual’s perceived health status depends on the synptons
he observes and any additional medical information he has purchased concerning
how to eval uate these synptoms or discovering health problems without current
or may assunme he is okay and that there is merely “something in the air”
depending on his opinion and that of any medical person. In either case
his behavior will be based on his perception of his health status whether or
not this perception is right or wong. That is, an individual behaves
according to the perceived state of his health and not the actual or true
state. Mathematically, the individual’s health problem may be stated in
continuous terns as fol | ows:

nax /L UQ C B E H X)e T Cdt (13)

subj ect to:
kK =g(k g C B E X MY-6K

S(K, QM)

S

H = #(s, M)

YiPx+PCc+PBB+PEE+PM(MK+MS+M) vt

X
K(0) = K,

where Y is the individual's income constraint and P are the various prices
of the respective marketed goods. This is an optimil control probl em wherein
the individual’s health state and his consunption of other commodities act

as control variables and his true health state, K is the state variable

with its equation of motion. In other words, the individual's probleminvolves
manipulating C, B, E, H and X subject to a budget constraint in order to

maximze his utility. A solution to this nodel will depend on what assunptions
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are made (is U2 @), but the inportant tradeoffs will be adequately
represented. urther note that the nodel allows for all three manners in
which a change in air quality mght effect the utility of an individual: (1)
directly through aesthetic effects, (2) indirectly through changes in his
body capital which will effect his health status and finally, (3) indirectly
t hrough changes in the synptons he may observe which again effect his percep-
tion of his health status.

An inportant step towards the solution of this nmodel involves the |ink
between air quality, cigarettes, etc. and the advent of synptons or an
estimtion of the symptom function, St' This is a primary objective of the
remai nder of this study.

Unfortunately, a thorough search of the nedical literature has reveal ed
practically no applicable equations to estimate even a “proxy” for health
status or “body capital,” or for the oxygen production function. In conse-
quence, we have had to abandon this modelling approach and apply a nore
sinple model structure

Qutline of the Mbdel Applied

It has been proposed in many econom ¢ studies of health effects that
i ndividuals derive disutility from perceived and/or actual occurrences of
di sease.  However, nost individuals cannot correctly diagnose their own
di seases except for a small set of common ailments. The individual comonly
perceives one or nore symptons of the potential occurence of a disease.
The individual may then select three alternatives, to seek nedical services
for diagnosis and cure; to use self-prescribed nedication or other forms of
self-help, or to do nothing. Typically, the individual wll make these
choi ces based on the severity of synptoms and the cost of nedical services.
|f the synptons are common types, i.e., the sudden appearance of a slight
chest pain, the individual is likely to do nothing. Aso, if the cost of
medi cal services is extrenely |ow or negative, the individual is likely to
seek nedical attention for the appearance of any synptom  The inportant point
is that individuals work with synptons and not the actual disease itself,
whether it is the afflicted party or the physician making the diagnosis.
Thus, we postulate a sinple welfare relationship where S denotes a vector
of synptons and | a vector of other goods and services the individual purchases.
Then the individual's utility can be represented as:

u=Ux, s) (14)
where, for illustrative purposes, the function u(*) is assumed to be
continuous in |l and S and twice differentiable. The individual is assumed

to be constrained by a budget constraint on purchases of nedical services to
alleviate synptons or cure diseases and purchases of other goods and services:

PX+PMLY (15)

where Mis the quantity of nedical services, Y is inconme, and P denotes
the unit price of the service X either as a scalar or vector. finally, to
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conplete this sinple model, we denote a relationship between the incidence
and severity of synptons and required nedical services. For sinplification,
it is assumed there are a fixed set of medical services to alleviate synptons
or treat various diseases, provided the individual seeks treatnent and that
this relationship can be expressed as:

M= h(S) (16)
Next it is presuned the individual maximzes utility subject to the

budget constraint and medical technologies. The first order conditions
become:

" MNP0 (17)
. +8h, <0

s 5 g+ Mg 20

AR, - 6 20

with A >0, § > 0, ug > 0, and y, £ 0. These conditions sinply indicate
that the maxim zing I'ndi'vidual " wi 11 purchase goods and services up to the
point where marginal utility for goods is equated with the utility adjusted
price of the goods. The individual wll purchase a reduction in synptons

(i mprovenent in health) up to the point where marginal disutility associated
with synptoms is equal to utility adjusted productivity of purchases of

medi cal services. Note that this follows regardless of whether there is a
correct doagnosis of synptoms. Wat is inportant to the individual is

whet her the synptonms are alleviated and a return to good health status is
perceived. A derived demand relationship for M can be devel oped fromthe
presence of synptoms as foll ows:

M= £(2,, PM s) (18)

where £(-) evolves fromthe first order conditions in (17). Foll ow ng
Mdler (1974), conpensating and equival ent variation measures of consumer
surplus can be constructed for S where the individual cannot control the
appearance of synptons except through changes in lifestyle or preventative
actions which will not be considered here. Wile conceptually wllingness
to pay to avoid synptons or associated medical expenses can be derived, no
attempt is made in this study to estimate equation (18). The reason for

not doing so is that no adequate data exist for the NAS twins to estimte
Mor PM As an alternative, average U S. nedical expenditures for each type
of illness were used to estimate a mninumw | |ingness to pay to avoid
symptons . The underlying assunption is that individuals, at mninmm would
be willing to pay to avoid synptons what they typically do pay to alleviate
them In this sense, a mninmumestimte is calculated.

74



THE DATA SET

NATI ONAL ACADEMY OF SCI ENCES TW N REG STRY*

The data which ‘this research analyzes to discover the net effects of air
pol lutants was obtained from the NAS-NRC Twin Registry (4). This twin panel
consists of 7,960 white male twin pairs, of which 6,741 twin pairs or |ess
are examned in this study. Table 1 summarizes the age distribution of the
NAS Twi n panel in 1967 when the panel was asked to conplete the epidemiological
questionnaire (@) which provides the relevant health data. The twi ns ranged
from41l to 51 years of age at the time the Q@ information was collected. The
average age was 45.

The sanple itself is the result of a detailed procedure by which the
National Research Council identified white nmale twins born during the period
1917 to 1927 in the continental United States. Additional screening was done
on this set of twins to deternmine the twin pairs for which both nenbers
served in the armed forces (5). The process resulted in the 7,960 twin pairs
currently conprising the Twin Registry.

An initial questionnaire (Ql) was used to obtain each individual’s
medi cal history since separation frommlitary service and to identify the
brot hers zygosity (6). Figure 3 presents the question used on Ql to obtain
each individual's nedical history since mlitary separation. This information
provi des the basis for a diagnostic index which is maintained for the NAS-NRC
Twin Registry. This Q1 information has been updated and purged fromthe
di agnostic index as nore conplete information in medical history was
col l ected based on Veterans Administration (VA) clainms records, VA hospita
records, and death certificates. In fact, the present diagnostic index is
| argely based on such VA information sources rather than the self-reported
information from Ql.

The reader nmight find it tenpting to consider using information in
the diagnostic index to quantitatively define health status in the sort of
statistical exercise which is summarized bel ow. However, the diagnostic
i ndex represents an amal gam of different data sources each of which would
be expected to contribute its own unique biases to such an analysis. For
exanple, the self-reported QL information is purged when VA information is
available. Therefore, the entire set of VA criteria determnes the set of
QL information that remains. Fundanentally, the VA criteria relate to
mlitary causes of medical problens as well as a certain socio-economic
status. Actual information in the diagnostic index, because it is collected
fromdifferent sources, may be inconsistent and therefore potentia
introduction of biases is difficult if not inpossible to sort out.
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TABLE 6.1 AGE DI STRIBUTI ON OF NATI ONAL ACADEMY OF SCI ENCES TWN SAWMPLE - 1967

Absol ute Rel ative Cunul ative

Age Frequency Frequency Frequency
41 1622 12. 0% 12. 0%
42 1646 12.2 24.2

43 1470 10.9 35.1

44 1536 11. 4 46.5

45 1419 10.5 57.1

46 1265 9.4 66. 4

47 1282 9.5 76.0

48 1180 8.8 84.7

49 786 5.8 90.5

50 744 5.5 96.1

51 532 3.9 100.0

[EEN
o
o
o

TOTAL 13, 482
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List any illness, inpairment, disability, hospitalization, and operation you have had since
separation fromnilitary service, stating the year when it first occurred

|11 ness, inpairnent or operation Year it began Name of Hospital City and State

s

Figure 6.3 NAS Twins (Q) Self-Reported Medica

History Questionnaire



And Now Sone Rather Specific Questions About Wiere You Have Lived Since the Second World War

50. For consecutive periods, fill in length of period, city or comunity, as well as state.
Check also at the right of Table in what type of area you were living and working, respectively.
LIVING IN W(RKINC 1IN
PERI OD E |8 & |8
OF CITY OR TOM STATE S8lesIlRSISS[Es s
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Figure 6.4 NAS Twins (@) Residence and Work History



The epidemiological information obtained in 1967 from @ is the basis
for the quantitative measures of health status that are utilized in the
statistical analysis which is summarized here. The Q@ health status informa-
tion is separated into information on respiratory and cardiovascul ar health
probl ens.

Information on respiratory health status is provided by answers to two
questions: do you get short of breath walking with other people at an
ordinary pace on the level? Do you regularly or for extended periods of time
have a cough? Cearly the binary answers to these questions are either yes
or no.

Wth respect to cardiovascular health status a series of three binary
questions provide relevant information. Have you ever had any pain or dis-
confort in your chest? Have you ever had a severe pain across the front
of your chest lasting for a half hour or nore? Have you ever had a heart
attack?

The statistical analysis summarized | ater uses the answers to these
five questions as binary dependent variables in a regression analysis. @
al so provided information on a nunber of potentially relevant explanatory
variables. The individual is asked by @ to report if he has ever had
asthma, his height and weight, whether he has to diet to keep his weight
down, the number of cigarettes and cigars snmoked per day, as well as the
i ndividual's al cohol consunption. In addition, Q@ collects relatively
detailed information on dietary habits.

A particularly interesting set of information collected by @ is a
detailed residence and work history by location. Figure 4 presents the
question used to gather this information. This type of information may be
particularly useful to a statistical analysis exam ning the association
between air pollution and human health not only because it identifies past
residences by city and state, but also because it identifies if the residence
and work location were in a “downtown”, “suburban”, or “rural” area.

Finally, a third questionnaire (@) collected econonic information such
as household income. Unfortunately, @ was conpleted by the panel in 1973
rather than 1967 when the @ health information was obtained. Yet Q3 provides
the only econonic information and 1973 househol d income is used as a proxy
for the same 1967 variable in the statistical analysis. The actual incone
question was: “How much was your famly income fromall sources (during 1973)?”

@B also provided information on an individual’s access to medical care.
@B asks a detailed set of questions relating to whether the individual does
or does not have an annual nedical check-up. |f SO additional information
is gathered on the source of paynment of check-up: government clinic,
union clinic, conpany clinic, or nedical insurance.
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